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[5 7] ABSTRACT 
A vehicle transmission employs a pair of coaxial input 
shafts, one driven at ?xed ratio and the other driven at 
an in?nitely variable ratio through a hydrostatic trans 
mission which relatively reverses direction of rotation. 
A single input-dual input planetary gear assembly cou 
ples the coaxial input shafts to an output shaft. The 
planetary gear assembly is made up of a reverse and 
low forward speed planetary gear set and a high for 
ward speed planetary gear set connected together to 
provide a four element planetary gear assembly syn~ 
chronously shiftable between low and high ranges and 
which provides torque multiplication throughout the 
speed range and produces the same direction of rota 
tion of all four elements at substantially or at the same 
speed when operating at the maximum forward speed 
condition. 

36 Claims, 16 Drawing Figures 
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SYNCHRONOUSLY SHIFTABLE DUAL RANGE 
PLANETARY TRANSMISSION WITH COAXIAL 

INPUT SHAFTS 

This application is a division of application Ser. No. 
317,528 ?led Dec. 22, 1972 ‘now U.S. Pat. No. 
3,855,879. 

BACKGROUND OF THE INVENTION 1 

This invention relates to power transmission devices 
and is directed in particular to such devices in which 
there is a continuously variable input-output speed 
ratio capability. Furthermore, this invention is directed 
to the above type of device in which the power trans 
mitting characteristics are particularly favorable in 
connection with automotive use, although it is to be 
understood that the invention is not limited to such use. 

It has long been recognized that vehicle transmissions 
employing planetary gear sets offer many advantages 
over other types. The multiple tooth contact and sym 
metrical distribution of loading provide e?icient use of 
material, compactness and ruggedness of planetary 
gear sets. They also lend themselves to constructions in 
which the gear ratio changes may be effected by hy 
draulic actuators and when coupled to the input shaft 
through hydraulic torque converters offer a degree of 
smoothness and operation which has led to their virtual 
universal use as a standard power transmission for‘ au 
tomotive and similar vehicles. , 
The inherent advantages of this already developed 

transmission technology has been integrated with an 
in?nitely variable hydraulic drive to provide an im~ 
proved continuously variable transmission. The in? 
nitely variable drive may include any type‘ of positive 
controllable drive such as a hydrostatic pump-motor 
circuit. A typical approach utilizes a dual mode opera 
tion employing a single input drive to the planetary for 
one mode or range of operation and a dual input drive 
to the planetary for another mode or range of operation 
and having synchronous shifting capability between the 
two modes. Examples of this operation are presented in 
my prior U.S. Pat. No. 3,306,129, Feb. 28, 1967, and 
its Reissue U.S. Pat. No. Re 27,307, Mar. 14, 1972, and 
Ross U.S. Pat. No. 3,396,607, Aug. 13, 1968. 

In my prior patent and its reissue U.S. Pat. No. Re 
27,307, there is shown in FIG. 8 thereof a transmission 
which operates, in one range, as a split power path 
transmission having one power path directed through 
an in?nitely variable hydrostatic drive to one element 
of a high speed planetary gear set and a second power 
path of the mechanically coupled type directed to an 
other element of the high speed planetary gear set. 
When operated thusly, this transmission is in its high 
speed mode of operation and when in this mode its 
range is extended by virtue of functioning the hydro 
static drive to impart input rotation ?rst in one direc 
tion of rotation and later in the opposite direction of 
rotation. For reverse and low speed operation, the ring 
gear of a low speed planetary gear set is braked and 
single drive input through the hydrostatic drive unit is 
applied to the sun gear of the low speed planetary set. 
In this way, the torque multiplying characteristic avail 
able from the low speed planetary gear set is utilized in 
the low speed mode. 

In the Ross U.S. Pat. No._3,396,607, another ap 
proach is used. In this case, a planetary gear set is used 
to receive dual input drive thereto in high speed mode, 
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2 
one input being through a hydrostatic unit to the ring 
gear and the other input is a mechanical drive to the 
planet carrier. In low range, this same planetary gear 
set is locked out (the ring gear is coupled directly to the 
planet carrier) so that it functions as a direct coupling 
and not as a planetary system whereby the. inherent 
torque multiplication of the planetary gear set is not 
realized. , ‘ Y I . 

In designing any planetary gear system for a transmis 
sion, it is well understood that there are practical limits 
on the relative sizes of the sun and planet gears-"For 
example, the maximum size ratio between the sun gear 
and planet gears is limited to about 2.5/1 otherwise the 
relative planet 'gear'diameter becomes so small that 
there is no practical way ‘to support the planet gears on 
individualishafts and bearings. At the other end of the 
scale, if the sun gear is of small size with relation to the 
planet gears dif?culties are also encountered.‘ For-ex 
ample, if the size ratio between the sun gear and planet 
gears is l/2.5, the sunv gear becomes so small that its 
load carrying capacity and support become completely 
impractical. The choice of which of these gears is to be 
larger of course depends upon the ‘selection of which 
element of the planetary is to receive-the drive input, 
which is to deliver the drive output and which is to be 
braked. Accordingly the gear sizes, the basic planetary 
kinematics, practical limits of the number of gear teeth 
and power path through the ‘planetary impose stringent 
‘design limits on the system. 1 

If, now, one imposes upon this design the further 
requirement that it shall becapable of dual mode oper 
ation, provision must be made‘for the fact that in one 
mode there will be a single input whereas in the ‘other 
mode there will be dual input to the, planetary system. 
Within this further constraint, the practical difficulties 
are multiplied if one is to achieve the requisite torque 
multiplication in low and reverse speed mode and also 
the requisite extended range in'high speed mode. 

Still further complications arise ‘if the dual mode 
transmission is also desired to allow for synchronous 
shifting between modes. ' 
Synchronous mode or range operation imposes addi 

tional design limitations on the planetary gear system; 
In addition to providing the’ operating drive 5ratios the 
planetary must further be constructed to provide that 
when operating in one mode that the connecting drive 
for the other mode of operation be rotating‘ in the same 
direction and at the same speed as the member to 
which it is to be connected. - 
To achieve the desired dual mode, extended high 

speed range and synchronous shifting‘ functions ‘in my 
prior U.S. Pat. No. 3,306,129 and its Reissue U.S. Pat. 
No. Re 27,307, as shown in'FlG. 8, the single input 
mode is through the main shaft to the sun gears and the 
dual input mode employs; a'second shaft which is in 
spaced, parallel relation to‘ the main shaft and connects 
to the forward carrier member. ‘ g ' 

_ In the Ross U.S. Pat. No. 3,396,607 the dual‘drive 
connection is also through parallel shafts. However, 
since this planetary is nonfunctional in the single input 
or low range mode (i.e. it is locked and no torque mul- _ 
tiplication is effected) the necessary torque‘ multiplica 
tion ‘must and is provided by gear reduction from the 
power planet to the single input drive to the locked 

planetary. ' ‘ ' These and similar prior art transmissions have a com 

mon construction where the single and dual drive con 
nections are necessarily spaced on parallel drive shafts 
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in order to effect the necessary driving speeds, direc 
tion of rotation and connection points on the planetary 
gear system. From a practical point of view, such ar 
rangement means that the extreme compactness neces 
sary for automotive use cannot be attained. This is a 
serious disadvantage not only for the reason that space 
limitations are of vital importance in automobiles but 
also for the reason that parallel input shafts require 
extra gears and greater complication with consequent 
high cost of manufacture. Whereas the cost consider- ~ 
ation is of substantial signi?cance in heavy duty trans 
missions, it is a primary if not overriding consideration 
in automotive transmissions. 

In addition, any practical transmission must be capa 
ble of achieving a reasonable ?nal output speed usually 
the same as the input speed or essentially a 1:1 ratio 
and it being understood that variations in vehicle 
weight, power, usage etc. are normally provided for by 
selection of rear axle gear ratios. In automotive usage, 
the ?nal output ratio represents the most used condi 
tion of operation and it is preferred that the construc— 
tion be the most ef?cient and long lasting at or near the 
1:1 ratio. 
In systems such as exempli?ed by the Ross patent 

where a single planetary gear set is used as a locked 
coupling in one range and with dual-input drive in the 
other range certain disadvantages ensue in connection 
with the overall operation. Most apparent is that in low 
range the planetary is direct coupled and does not 
function to multiply torque at maximum torque output 
operation. This requires the‘ input gear reduction in 
single input drive as above mentioned. In high range 
the planetary functions to overdrive the output with 
respect to the dual drive and with the addition of the 
single drive input results in a substantial overdrive of 
the planetary output which is undesirable due to dy 
namic loadings on the planetary gear set and also re 
quires an additional gear reduction beyond the trans 
missions in order to achieve an approximate 1:1 ratio. 

In my prior patent and its Reissue, a low speed plane 
tary gear set is used as such in reverse and the low 
speed mode and a high speed planetary gear set is used 
with dual-input drive in the high speed. mode. Conse 
quently,the general arrangement provides torque mul 
tiplication characteristics of a low range planetary gear 
set with single input drive coupled with a di?‘erential 
dual-input synchronous shiftable high speed ‘planetary 
gear set offering substantial advantage from the practi 
cal design point. I . . 

If, in addition, such anarrangement could be so con 
structed as to be economical of manufacture while also 
obtaining a high degree of mechanical ef?ciency, a 
powerful tool for achieving a practical vehicle trans 
mission meeting present and projected emission stan 
dards would be obtained. That is to say, the continu 
ously variable drive ratio characteristic coupled with 
high mechanical ef?ciency would allow the most ef? 
cient use of power plants which are capable of meeting 
stringent emission standards. 

BRIEF SUMMARY OF THE INVENTION 

Essentially, the present invention is directed to the 
discovery that a continuously variable ratio, synchro 
nously shiftable power transmission employing low and 
high speed planetary gear sets in which favorable ratios 
are practically attainable while achieving a highly ef?~ 
cient, compact and long-lasting system if the dual input 
shafts are coaxially arranged. > 
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4 
In general, the power transmissions of this invention 

are characterized by the use of centered, axially spaced 
low and high speed planetary gear sets having common 
sun gear input from an input quill shaft driven from the 
power plant through a variable hydrostatic drive sys 
tem. The reaction member or ring gear of the low speed 
planetary gear set is selectively braked and the planet 
gear carrier of this gear set is mechanically coupled 
directly to either the planet gear carrier or the ring gear 
of the high speed planetary gear set. The transmission 
output is from that element (either the planet gear 
carrier or ring gear) of the high speed planetary gear 
set which is coupled to the planet gear carrier of the 
low speed planetary gear set and selective drive to the 
high speed element, so coupled to the low speed planet 
gear carrier, if effected through an inner input shaft 
coaxial with the input quill shaft. The gear ratios and 
arrangements of the two planetary gear sets are such 
that in low speed mode the hydrostatic drive system 
may be varied as to input-output ratio from a reverse 
speed transmission output direction through vehicle 
standstill to a maximum input quill shaft speed at which 
synchronous shifting is effected to high speed mode by 
disengaging the low speed planetary brake while engag 
ing the high speed planetary clutch, whereafter of hy 
drostatic drive system is retroacted from its maximum 
input quill shaft speed condition to increase the trans 
mission output ratio in high range. 
For automotive use, the ?nal output ratio of the 

transmission may be 1:1 with the sun gear input, quill 
shaft and all the planetary gear system elements rotat 
ing substantially in unison. ' 
For other use as for example in off-the-road equip 

ment where the operation is usually at lower output 
speeds the ?nal output ratio of the transmission may 
also -be as above but with the arrangement being such 
that the sun gear input and other load carrying ele 
ments approach unison operation at a lower transmis 
sion output speed. 
To avoid confusion, the term “output ratio” as used 

herein shall be understood to mean the ratio in rota 
tional speed as between the output and the input. For 
example, an “overdrive” output ratio condition might 
be 1.2/1 and would be higher than a “direct” drive 
output ratio of one-to-one. This arbitrary convention is 
used to secure correspondence with vehicle speed, i.e. 
the higher the output ratio, the higher the vehicle speed 
assuming constant speed input, and to avoid confusion 
in the terms “low speed” and “high speed” which are 
used in association with the low speed and high speed 
planetary gear sets. It should be noted, however, that in 
this convention torque multiplication increases as the 
output ratio decreases and vice versa. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 ‘is a longitudinal section diagrammatically 
illustrating the components of one embodiment of the 
present invention; 
FIG. 2 is a transverse view, partly broken away, illus 

trating the arrangements of the two planetary gear sets 
of FIG. 1; 
FIG. 3 is a longitudinal section showing diagrammati 

cally a modi?cation of the input drive to the transmis 
sion; 
FIG. 4 is a longitudinal section diagrammatically 

illustrating a modi?ed output drive of the transmission; 
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FIG.' 5 is a transverse section partly broken away 
illustrating the arrangements-of the planetary gear sets 
of FIG. 4; ‘ t- . . 

FIGS. 6, v7and 8 are graphs illustrating certain char 
acteristics of the transmission according to the’ embodi¢ 
ment of FIG. 1; ~ - ' ' 

FIG. 9 is a view similar to FIG. 4 but illustrating 
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diagrammatically a further modi?cation-of ‘the inven- . 
tion; 

illustrating the arrangements of the planetary gear‘ sets 
of the embodiment of FIG. 9; Y a Y . 

FIG. 11 is a longitudinal section similar to ‘FIG. 1 but 
illustrating diagrammatically a further modi?cation of 
the invention; 
FIG. 12 is a transverse section, partlybroken away, 

illustrating the arrangement of the planetary gear‘sets 
of the embodiment of FIG. 11; - - 
FIGS. l3, l4 and 15 are graphs illustrating certain 

characteristics of the modi?ed transmission of FIG: 1; 
and > 

FIG.- 16 is a schematic view illustrating a typical con 
trol system. . - t I 1 ~ 

DETAILED DESCRIPTION OF THE INVENTION 
In FIG. I, the dashed line 10 indicates the outline of 

the transmission casev or housing which will be recog 
nized as of substantially conventional ‘con?guration, 
having a mounting ?ange portion F at one end by 
means of which the transmission assembly may be at 
tached to the associated power plant, as for example 
the ?ywheel housing of an internal combustion engine. 
At the forward end of the transmission casing there is 
provided a power input shaft l2‘adaptedto be con 
nected to the associated power input means (not 
shown) and this shaft extends axially into the housing 
from the forward end thereof, as shown. _At the oppo 
site or reartend of the transmission casing and project 
ing axially outwardly therefrom in alignment with-the 
input shaft 12 is the output shaft 14 having as is usual 
a coupling flange 16 thereon.‘ » 
>Within the casing there. is" provided a . hydrostatic 

drive unit indicated generally by the reference charac 
ter 18 and a pair of in-Iine planetary gear sets indicated 
generally by reference characters 20 and. 22. The by‘ 
drostatic drive unit may be constructed as described in 
my aforementioned reissue patent and includes a driv 
ing member 24 ?xed to and rotating in unison with the 
input shaft 12. As will be understood, the unit 24 in 
cludes a number of pistons or plungers 26 and an ang'u 
Iarly adjustable swash plate 28 is associated therewith 
as shown capable of adjustment between two extreme 
positions on either side of center or neutral position, as 
is illustrated. The hydrostatic drive assembly includes a 
driven unit 30 likewise having plungers or pistons 32 
associated therewith which react against a ?xed, in 
clined reaction surface 34, as shown. The two units 24 
and 30 are interconnected by ports such as are indi 
cated by reference characters 36 and it will be appreci 
ated that with the swash plate 28 in the full-lineposin _ 
tion as shown, rotation of the, driving member 24 will 
impart the opposite rotational drive to the driven mem 
ber 34 whereas when the swash plate'28 in the dashed 
line position as shown in FIG. 1, the'driving and driven 
elements 24 and 30 will rotate in the same direction. 
The driven unit 30 is ?xed to a hollow or quill shaft 

38 which, together with the previously mentioned input 
shaft 12 constitutes the two inputs to the planetary 

FIG. 10 is a transverse section,~partly broken away,. 
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units 20, 22. It is a particular feature of this invention 
that the two input shafts l2 and 28 are coaxial, the 
inputv shaft 12 being disposed within the quill shaft 38 
and projecting completely therethrough for connection 
atone extremity ‘to the power input means and at its 
opposite 'extremityto an element of the highspeed 
planetary gear set 22. In the embodiment as, illustrated, 
the'inputshaft 12 .is connected to the driving element 
40 of a clutch C the driven elements 42 of which are 
?xed, to ring gear 44 of theplanetary gear set 22. The 
quill shaft 38 carries a pair of sun gears 46 and 48 of the 
two‘planetary gear. sets 20 and 22 so that they quill shaft 
which, represents the hydraulic power input to the unit 
effects sun gear input means to the two-planetary gear 
sets 20 and 22. I , .q . I, 

, The planet gear carrier 50 extendsaround the plane, 
tary gear set 22 therewithin and is, ?xed to the output 
shaft 14 as shown so that the output of the transmission 
continuously is from this carrier 50 is illustrated. Rotat 
ably mounted on the carrier are stubshaftssuch ‘as 
those, indicated by reference characters 52 and ,54 
‘which rotatably support the respective meshing planet 
gears 56 and 5,8, the former of which are in further 
mesh with the sun gear 46 and the‘ latter of which are in 
further mesh with the ring gear 60 which thus, together 
with the sun gear 46 constitute the planetary gear, set 
20, hereinafter referred to as the low speed planetary 
gear means or gear set.. A selectively operable brake B 
i's3effective as hereinafter more particularly described, 
to ?x or lock the ring gear 60 of thelow speed plane 
tary gear means and is operated in conjunction withthe 
.clutch C as is also hereinafter described. . 

<. The planet carrier 50 also includes stub shafts;62 on 
which the planet gears 64 are joumalled and which 
mesh between the sun gear 48 and, the ring gear“ of 
the ‘second planetary gear set 22, hereinafter referred 
to as the high speed planetary gear means or’ gear set. 

In operation, the embodiment accordingto FIG. 1 
may be described best inconjunction withFIGS. 64.8. 
Referring ‘to FIG. 8, itwill be seen that the displace 
ment of the unit 30, the, driven member of the hydro 
static drive device, remains fixed throughout the opera 

v tion of the transmission because of the ?xed angle, of 
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the reaction surface 34. It will be understood, however, 
thatlan angularly displaceable. swash plate could be 
substituted for the ?xed reaction, surface, 34 as will 
hereinafter be described in conjunction with the modij 
?cation of FIG. 11. Thedriving' unit 24, on the other 
hand, has its swash plate. 28 disposed in the zero dis 
placement or center- position to produce zero output 
speed as indicated by the point a in FIG. 8 whereas it is 
displaced from this center position towards the dashed 
line position of FIG. 1 to impart reverse drive to the 
output as indicated by the line segment b when the 
brake B is locked and, the clutch C is disengaged. Thus, 
the arrangement of the transmission is such that when 
the ‘driving and driven members 34 and 30 are rotated 
in the same direction in the low speed operation the 
output shaft 14 rotates in the opposite direction as ‘will 
be evident from’ FIG. _2 since the double set of planet 
gears 56 and 58 react with the ring gear 60to drive the 
carrier inopposite direction of rotation with respect to 
the sun gear. For forward speed drive in low range 
mode, the swash plate 28 is displaced toward the full 
line position in FIG..1 as indicated by the line segment 
,6 until it reaches a maximum angulan'ty position as 
indicated at the point d whereafter the swash plate 28 is 
retroacted back to the neutral or center position as 



3,9 69,957 
7 

indicated by the line segment e and thereafter towards 
the dashed-line position of FIG; 1' as indicated‘by the 
line segment f, passing'through the zero displacement 
position as indicatedlat the’point'g. . 1 - - 

Referring to FIG. 6, and considering a constant speed 
input at the shaft 12 so that the element 40-of the plan 
etary gear means 22 is rotating at the same speed as is 
the driving member 24,'the sun gears 46 andz48 may be 
driven in ‘the same rotational direction as is the driving 
member 24 to imp’art'reverse‘speed drive indicated by 
the 'li'ne'segm’ent'i or‘, if the swash plate 28 is so posi 
tio'ned-as to drive the 'sun gears 46 and 48 in the oppo 
site senseiof‘rot‘ation with respect to the input unit 24 
the sun gears 48 and 46 and the driven element 30 will 
increase in negative input speed until the‘ maximum 
displacement of the swash plate'28 is reached the drive 
to this point-‘is ‘100% hydraulic ‘as indicated in- FIG. 7 
and the hydrostatic drive system drives the output shaft 
14 in the positivedir'ection through the torque'multipli 
cation of the planetary gear means 20 which, for. the 
illustrative‘ embodiment shown is at a torque multipli 
cation of 2.5. This operation in the‘ low speed mode, 
utilizing the ‘torque multiplication 'of the planetary gear 
means'20 substantially reduces the‘ torque ‘and size of 
hydraulic'drive' and also minimizes the bulk, associated 
noise and inef?ciencies common to large hydraulic 
drive systems.‘ ' ‘ -' t 5 - ‘ ~ ' =~ 

When the output speed' reaches 40% ‘of the input 
speed ‘in' FIG.‘ 6,'the gear ratios of the two planetary 
gearv sets'20'and 22' is such that the ring gear 44 on the 
high speed planetary gear means 22 rotates at the same 
speed as does 'the ‘driving element 40 of the clutch C-so 
that‘the'clutch C‘may then be synchronously engaged 
'while‘, simultaneously, the brake Bis disengaged, thus 
effectively shifting from the'low speed to the high speed 
planetary gear set. The speed range in the'high speed 
mode is extended‘ by retroacting'the swash plate 28 to 
decrease'the‘spe'ed of the driven element 30 back to 
‘zero and then to‘ impart - positive rotational motion 
thereto, during the former part of which the hydraulic 
system subtracts or reduces th‘espeed of the high speed 
planetary gear'means as is'indicated,in'FIG.'7. It will be 
noted ‘that at the moment of change from low "speed -to 
‘high speed mode, that a portion'of mechanical power 
through planetary gear set' 22 is subtracted or regener 

- ated back through the sun gear 48 and through ‘hydro 
I static units 30 and 24 to the forward end 'of input shaft 
12 and output torque of planetary gear set 22. 
‘The amount ‘of regeneration gradually reduces as the 

output speed is increased as indicated in FIG. 7 until 
> the sun "gear 48 is‘ stationary whereafter’ the drive 

- through the hydrostatic units 24 and 30 to the sun‘ gear 
48 is additive to't'he input shaft 12. A vfeature of the 
embodiment of'FIG. 1 which lends it particularly well 

~ suited for automotive uses will be evident from FIG.‘ 6. 
> This has to' do with the fact that the carrier'SO which is 
the common’ element of the two gear sets 20 and 22, 
planet ‘gears 56 and 58 and 64 supported thereon, ring 
gears 60 and 44, and sun gears 46 and 48 connected to 
the hydrostatic unit 30 are all rotating ‘in the same 
direction arid approach the same speed at a one-to~one 
output ratio as indicated by the point J in FIG. 6. ‘This 
maintains practical speed levels and minimizes relative 
speeds between components'which reduces wear, noise 
level and frictional and windage losses-l When operating 
in lower speed ranges since the carrier 50 drivesv the 
output the speed of the carrier and planetary elements 
are maintained ‘ within practicable limits thereby to 
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8 
assure that the transmission is. long-lasting and other 
wise to'make use of the inherent advantages of plane 
tary gear sets. 
By the-construction herein, utilizing-in general the 

principles’describedabove in connection with FIGS. 1 
and 2, the present invention incorporates a substan 
tially improved'construction. wherein they planetary 
input connections are concentric which allows direct 
connection to the hydrostatic drive and transmission 
input means. With improved construction it eliminates 
countershafts, auxiliary gears, associated bearings and 
housings and thereby reduces the complexity and cost 
of the transmission and also allows arrangement of the 
hydrostatic drive, planetary assembly and transmission 
input on a single axis which would reduce the.overall 
size and weight of making the present transmission 
more adaptable to motor vehicles. 
The present invention‘ further provides that the hy 

draulic drive operating speeds and loads are kept 
‘within practical design limits, that the output planetary 
construction is reasonably simple and producible and 
that the'operating variables .such as input speed, output 
speed and range of operation are within practical lim 
its. . 

With reference to FIG. 3, it will be appreciated that 
the principles described above in conjunction with 
FIGS. 1 and 2 also lend themselves readily to a concen 
tric ‘or coaxial arrangement wherein the driving mem 
ber 24 of the hydrostatic unit is rotated at a speed 
different than the mechanical input shaft. Thus, as 
shown, the mechanical input shaft 12' is not directly 
connected to the driving member 24’ of the hydrostatic 
drive unit but is instead coupled thereto through one or 
more gear clusters 70 which rotate a quill shaft 72 at a 
higher rotational speed than the mechanical input shaft 
12’ ‘it being understood by interchanging the corre 
sponding gears the quill shaft 72 is rotated at a lower 
rotational speed than the mechanical input shaft 12'. 
Thus; the maximum speed of the input quill shaft 38' is 
higher (or lower) in‘ the case’ of FIG..3 than is the situa 
tion with respect to FIG. 1. . 

This‘ has the effect with reference to FIGS. 6, 7 and 8 
of modifying the detail operating characteristics, how 
ever, the general operation is otherwise the same. 

In FIG. '4, the modification shown therein: differs 
essentially from the construction described in conjunc 
tion with FIG. 1 only- in relatively minor‘ respects. 
Again, as is the case with FIG. 1, the construction ac 
cording to FIG. 4 utilizes a common carrier member 
50" which establishes‘the drive coupling between the 
two planetary gear means 20" and 22" but in FIG. 4, 
this carrier supports cluster gear sets 74 each of which 
includes a planet gear 76 and a planet gear 78, as‘ 
shown. Further,-there is but a single sun gear input 80 
to both’ of the planetary units in FIG. 4. This sun gear 
80 is in mesh with the planet gears 82 which react with 
it and'the ring gear component or element 44" of the 
high speed planetary set 22” which carries the driven ' 
elements of the clutch'C”. As will be evident in FIGS, 
the planet gears‘82 are also in mesh with the planet 
gears ‘78 of the planet gear clusters 74 and planet gears 

' 76 of the several clusters are in mesh with the ring gear 
83 of the low speed planetary gear means'which is 
selectively braked by the brake means B”. 

' In FIG. 4, double prime'numbers have been used to 
indicate general'rcorresponding parts with ‘respect to 
the embodiment described above in conjunction with 
FIG‘. 1. > 
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In FIG. 9, wherein triple prime numbers are utilized 
to designate parts corresponding with those of FIG. 1, 
and also with respect to FIG. 4, the essential difference 
over the embodiments previously described ‘is that 
whereas in FIGS. 1 and 4 the dual-inputs to the high 
speed planetary are to the sun gear and the ring gear, in 
FIG. 9 the inputs to the high speed planetary are 
through the sun gear 93 and the planet gear 90 which is 
the driven element of the clutch C’”. The planet gear 
carrier 90 rotatably mounts planet gear sets 92 and 94 
respectively in mesh with the sun gear 93 and the ring 
gear 96 of the high speed planetary gear means. As will 
be evident from FIG. 10, the planet gear sets 92, 94 are 
in 'mesh with each other as shown. - ' ‘ 

Referring to FIG. 11, the modi?cation shown therein 
is particularly adaptable to tractors and related con 
struction equipment. The input arrangement allows the 
transmission to be located low with respect to the en 
gine and the gear drive ratios can be readily modi?ed to 
match different engine speeds without any major 
changes to the overall transmission assembly. Further 
more, in this type of equipment the transmisson must 
normally operate at continuously high power at low 
speeds and therefore it is preferred that the output 
planetary contain simple gear sets to assure distribution 
of the high loads and maximum reliability and life. 

In this arrangement, the power input means is in'the 
form of a shaft 100 driven from the associatedengine 
and having a pair of gears 102 and 104 thereon which 
are in mesh respectively with the gears 106 and 108. As 
shown, the gear 106 is ?xed to the mechanical input 
shaft 1 10 whereas the gear 108 is ?xed to the quill shaft 
112 which is connected to the driving member 114 of 
the hydrostatic drive unit 116. The driven member 118 
of the hydrostatic drive unit is ?xed to the input quill 
shaft 120, which shaft is provided with two sun gears 
122 and 124 providing respectively an input path to the 
low speed planetary gear means 126 and to the high 
speed planetary gear means 128. ' 
The hydrostatic drive unit 116 is provided with an 

angularly displaceable swash plate 130 associated with 
the driving unit 1 14 and the driven unit 118 likewise is 
provided with an angularly adjustable swash plate 132, 
as shown. At this point, it may be mentioned that an 
angularly adjustable swash plate such as is shown in 
FIG. 11 for the driven unit 118 may as well be em 
ployed in the constructions of modi?cations herein 
above described. 
The sun gear 122 is reacted with the ring gear 134 

through the intermediary of the plant gears 1'36 
.mounted on a carrier 136 which‘ as in the previous 
embodiments extends around the high speed planetary 
gear means 128 therewithin and is connected to the 
output shaft 140. The ring gear 134 is selectively 
braked by the brake mechanism 142 and the clutch 
arrangement of this embodiment is ‘indicated by the 
reference character 144. 
The sun gear 124 is in mesh with the planet gears 146 

which react between it and the ring gear 148 of the high 
speed planetary gear means, the planet gears 146 being 
mounted on a carrier 150 which forms the driven ele 
ment of the clutch 144, the driving element or elements 
152 being connected to the input shaft 110 asshown. 

In the embodiment of FIG. 11 and as will be evident 
from FIG. 12, for low speed mode operation and for 
ward speed of the vehicle, the driving and driven ele 
ments 114 and 118 of the hydrostatic unit 116 rotate in 
the same direction. At this time, the brake 142 is of 
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course engaged whereas the clutch 144 is disengaged. 
As the swash plate 130 is moved to-effect-maximurn 
displacement‘thereof in the direction causingthetwo 
units 114 'and- 118 to rotatetogether in unison, increas 
ing low range speed at the output shaft 140 is obtained 
which is evident from ‘the graph of FIG. 13. When the 
maximum'rotational speed of the member‘1l8 is ob 
tained at the point m in FIG. '13 brake‘1421is disen 
gaged and at the same instant clutch 144 is vengaged to 
effect high speed mode‘operation. As the swash'aplate 
130 is retroacted toward the dashed-line position in 
FIG. 11 ultimately it reaches the zero displacement 
position at point n of the graph in FIG. 13 andis there 
after retroacted further to cause now the driven‘ memp 
ber 118 to rotate in the direction opposite tothe‘direc 
tion of rotation ‘of the driving member 114.\At this 
point, the'output shaft 140 is rotating in the same direc 
tion as the input to the driving member 114 and 'ap 

proaches the same-rotational speed, as indicated; From FIG. 15, it will be appreciated that the'la'ngular 

displacement of the swash plate 130 is at its 'maximum 
at about 85% of the output speed and, at 'this'point, the 
swash plate 132 is moved in the direction towards the 
dashed-line position of FIG. 11 .to-decrease the ‘disL 
placement ‘of the driven member» 118 ‘as indicated 
thereby tocontinue increaseof the output speed of the 
member 118 as'will be evident. . " ‘1, 

The advantages of the embodiment‘ of FIG. 11 lare . 
that for continuous operation at high powers and low 
speeds at the output, the driving and driventelement‘s ‘ 
114 and 118 and all‘ of the output planetary’ compo 
nents of the planetary gear means areturriing inv the 
same direction at low or moderate speeds which reduce 
the bearing loads, speeds and power.‘ losses "and in, 
creases overall efficiency. 1 - = ‘ 

FIG. 16 is a schematic of a' control system for ‘the 
modi?cation shown in FIG. .1 though it is adaptable to 
the other modi?cations. ' ~ > 

' 7.4. 

As shown, the swash plate 28 is provided'with‘ a pivot 
161 and a radial arm extending from this pivot carries 
a pin 162 which ?ts'into the inverted V-‘shaped slot 170 
in the cam plate 163. A piston type- actuator 164 is 
pinned to the cam plate which slides on and ‘is guided 
by the support member 165. lmrriediatelybelow the 
cam is a valve assembly 166 which rides on. the cam 
plate by action of the spring 171‘ and has ‘lines 172 and 
173 extending therefrom which connect respectively to 
the low range brake B andthe high‘ range clutch C. A 
conventional pump 168 provides ?uid pressure to valve 
assembly 166 and the governor selector control. assem~ 
bly 169. This control assembly has lin'es extending 
therefrom which connect to the actuator‘ 164 selec 
tively to pressurize one side or the other of the piston 
174 correspondingly to move and to position it and the 
cam plate 163. I. ‘ 3 I 

The governor and selector control assembly func 
tions to provide ‘?uid pressure to the actuator to effect 
the desired drive ratio. A more detailed operation of 
this function may be understood by reférenc'ei'by-my 
earlier US. Pat. No. 3,212,358‘, Oct. 19,1965. 

' When the actuator is in the position shown, it is noted 
that ?uid pressure ?ows through the valve'as'seimbly, 
166 to actuate the low range brake Band at the’same 
time the pressure in the high range clutch is vented. As 
the actuator is moved toward the high range position 
the cam slot 170 positions the swash plate 28‘as indi 
cated in FIG. 8 to the full’negative displacement. At 
this point the valve assembly‘v spool moves up vthe incline 
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167 of the cam plate and allows ?uid pressure to en 
gage the high range clutch C while simultaneously vent 
ing and disengaging the low range brake C to effect the 
change from low range mode to high range mode. As 
the actuator moves further toward high range the swash 
plate is retroacted as previously described. When the 
actuator moves back toward low range the same func~ 
tioning is accomplished in reverse order. 

' What is claimed is: 
1. In a drive train of the type including power input 

means; an output shaft; hydrostatic transmission means 
comprising a driving member connected to said power 
input means, a driven member and means for effecting 
relatively reverse directions of rotation of said driven 
member; output planetary gearing including a plurality 
of drivingly interconnected members for selectively 
imparting low/reverse speed drive and high speed drive 
to said output shaft, one of said members of the output 
planetary gearing being connected to said driven mem~ 
ber, said output shaft being drivingly connected with a 
second of said members of the output planetary gear 
ing, a third one of said members of said output plane 
tary gearing being adapted for selective connection to 
said power input means for drive input rotation thereby 
at a ?xed ratio with respect to the rotation of said driv 
ing member, and a fourth one of said members of. the 
output planetary gearing being adapted for selective 
braking to prevent its rotation; and input shaft and 
clutch means connecting said power means to said 
third member of the output planetary gearing; ?xed 
means; brake means connecting said ?xed means to 
said fourth member of the output planetary gearing; 
and means for engaging said clutch means while disen 
gaging said brake means and vice versa; the improve 
ment wherein: 1 

said output shaft is coaxial with said input shaft and a 
quill shaft concentric with said input shaft connects 
said driven member to said one member of the 
output planetary gearing; and 

said third member of the output planetary gearing 
being idly driven in the same direction as said out— 
put shaft and at said ?xed ratio with respect to said 
driving member when said fourth member is ?xed 
and said driven member attains a first maximum 
rotational speed ‘with respect to said driving mem 
ber whereby said clutch means may be engaged 
under synchronous conditions, and said one mem-_ 
ber of the output planetary gearing being driven 
from said ?rst maximum speed to a second maxi 
mum speed which is of opposite rotational sense 
when said clutch means is engaged whereby pro 
gressively to increase the speed of said output shaft 
with respect to that of said power input means to a 
selected ?nal ratio. 

2. A vehicle transmission comprising, in combina 
tion: 
a pair of coaxial input shafts comprising an outer 

shaft and an inner shaft; 
a source of rotary power; 
hydrostatic transmission means connecting said 
source of power to said outer shaft for vimparting 
in?nitely variable ratio drive in relatively opposite 
directions from said source of rotary power to said 
outer shaft, said inner shaft being connected to said 
source of rotary power for continuous rotation at 
?xed ratio with respect to the rotation of said 
source of rotary power; 

an output shaft axially aligned with said input shafts; 
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12 
single input-dual input planetary gear means con 
nected to said input shaft and to said output shaft 
for imparting a two stage, synchronously shiftable 
drive from said source of rotary power to said out 
put shaft; and 

clutch means connecting said inner shaft to said plan 
etary gear means for causing said planetary gear 
means to impart high speed stage drive to said 
output shaft, brake means connected to said plane 
tary gear means for causing said planetary gear 
means to impart reverse/low speed stage drive to 
said output shaft, and control means interconnect 
ing said hydrostatic transmission means to said 
brake means and said clutch means for effecting 
said two stage, snychronously shiftable drive while 
effecting an in?nitely variable ratio drive ranging 
continuously from a predetermined reverse speed 
drive ratio to a predetermined forward speed drive 
ratio. 

3. A vehicle transmission as de?ned in claim 2 
wherein said planetary gear means comprises a reverse 
and low forward speed planetary gear set and an ex 
tended range high forward speed planetary gear set. 

4. A vehicle transmission as de?ned in claim 3 
wherein said planetary gear sets share common input 
sun gear means. 

5. A vehicle transmission as de?ned in claim 6 
wherein said sun gear means is connected to said outer 
shaft. 

6. A- vehicle transmission as de?ned in claim 5 
wherein said reverse and low forward speed planetary 
gear set includes a ring gear, said brake means being 
operable for selectively braking said'ring gear, and a 
planet gear, and a planet gear output member con 
nected directly to said output shaft; said high forward 
speed planetary gear set including an input member, 
said ,clutch means being operable for selectively con 
necting said input member to said inner shaft, and a 
further member connected to and rotating in unison 
with said planet gear output member of the reverse and 
low forward speed planetary gear set; and said control 
means being operable for engaging and disengaging 
said clutch means under synchronous conditions while 
respectively disengaging and engaging said brake 
means. 

7. A .vehicle transmission as de?ned in claim 6 
wherein said input member and said further member of 
said high forward speed planetary gear set respectively 
are a ring gear and a planet gear assembly. 

8. A vehicle transmission as ‘de?ned in claim 6 
wherein said input member and said further member of 
said high forward speed planetary gear set respectively 
are a ring gear and said planet gear output. 

9. A vehicle transmission as de?ned in claim 6 
wherein said input member and said further member of 
said high forward speed planetary gear set respectively 
are a planet gear member and a ring gear. 

10. A vehicle transmission as de?ned in claim 2 
wherein said hydrostatic transmission means includes a 
driving member directly connected to said source of 
rotary power and said inner shaft is also directly con 
nected to said source of rotary power. 

11. A vehicle transmission as de?ned in claim 2 
wherein said hydrostatic gear means includes a driving 
member; and gear means connecting said driving mem 
ber and said inner shaft to said source, of rotary power. 

12. A vehicle transmission as de?ned in claim 11 
wherein said gear means comprises a gear set under 
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driving said inner shaft and a gear set overdriving said 
driving member of the hydrostatic transmission means. 

13. A vehicle transmission comprising, in combina 
tion: _ . 

a pair of coaxial input shafts comprising an inner 
shaft and an outer shaft; . . ‘ 

hydrostatic transmission means .having a driving 
member adapted to be connected to a source of 
rotary power and a driven member connected to 
said outer shaft for imparting an in?nitely variable. 
drive ratio in relatively opposite directions to said 
driven member from said driving member, ‘said 
inner shaft being adapted for connection to the 
source of rotary‘ power for rotation at‘?xed ratio 
with respect thereto; ’ 

' an output shaft axially aligned 
and . 

single input-dual input planetary gear means con 
' nected to said ‘input shafts and to said output shaft 
for imparting a two stage, synchronously shiftable 
and in?nitely variable ratio» drive from the source 
of rotary power to said‘output shaft ranging from a 
predetermined reverse speed drive ratio to a prede 
termined forward speed drive ratio, said planetary 
gear means including a three element low range 
planetary gear set and a three element high‘range 
planetary gear set, one element of each‘ of said 
planetary gear sets being common sun gear means 
connected to said outer shaft, a second element of 
said low range planetary gear set being planet gear 
means directly connected to said output shaft, and 
the third element of said low range planetary gear 
set'being a ring gear; a second element of said high 
range planetary gear set being connected to and 
rotating in unison with said planetgear means of 
the low range planetary gear set;>clutch means for 
selectively coupling the third element of said high 
range planetary gear set to said inner. shaft; brake 
means for selectively braking said ring gear of the 
low range planetary gear set; and control means for 
engaging and disengaging said clutch means under 
synchronous conditions while respectively disen 

- gaging and engagingsaid brake means. 
14. A vehicle transmission comprising, in combina 

tion: ' t ‘ 

a pair of coaxial input shafts comprising an inner 
shaft and an outer shaft; . 

hydrostatic transmission means having a driving 
member adapted to be connected to a source of 
rotary power and a driven member connected'to 
said outer shaft for imparting an in?nitely variable 
drive ratio in relatively opposite directions to said 
driven member from said driving member, said 
inner shaft being adapted for connection to the 
source of rotary power for rotation at-?xed ratio 
with respect thereto; ‘ ' 

an output shaft axially aligned with 
and 

‘ single input-dual input planetary gear means con 
nected to' said input shafts and to said output shaft 
for imparting a two stage, synchronously shiftable 
drive from the source of rotary power to said out 
put shaft ranging from a predetermined reverse 

7 speed drive ratio to a predetermined forward speed 
drive ratio, said planetary gear means including a 
three element reverse and low forward speed plan 
etary gear set and a three element high forward 
speed range planetary gear set in ‘which said ele 

with said input shafts; 

said input shafts; 
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ments of the two gear sets ,are interconnected so as 
to rotate in the same direction and at least substan 

‘ .tially at‘ the same speed when operating at said 
predetermined forward speed drive ratio while 
vachieving torque multiplication throughout the low 

t range; ‘ l . t 

. said reverse and low forward speed planetary gear set 
including a ring gear, brake means for selectively 
'braking said. ring gear, and a planet gear output 
member. connected directly‘ to said output shaft; 
said high forward speed planetary gear set includ 
ing an input member,,clutch means for selectively 
connecting said inputmember to said inner shaft, 
and a further member connectedto and rotating in 
vunison with said planet gear output member of the 
-reverse and lowforward speed planetary gear set; 

> and control means for engaging ‘and disengaging 
said clutch means under synchronous conditions 
while respectively disengaging and engaging said 

. brake means. . ‘ , > 

15.- A vehicle transmission as de?ned in claim 14 
wherein said planetary gear ‘setsshare common input 
sun gear means. ., I 

16. A‘ vehicle transmission as de?nedinclaim 15 
wherein said sun gear means is connected to said outer 
shaft. - . . . , 7 

~ 17. A vehicle transmission as de?ned in claim 15 
wherein said input member and said further member of 
said ‘high forward speed planetary gear set respectively 
are a ring gear and a planet gear assembly. _ 

> 18. A vehicle transmission as defined in claim 15 
wherein said input member and said further member of 
said high-forward speed planetary gear set respectively 
are a ring gear and said planetgear output. 

19. A vehicle transmission as defined in claim 15 ‘ 
wherein said input member and said further member of 
said high forward speed, planetary gear set respectively 
are aplanet gear member and a. ring gear. 
, 20, A vehicle transmission as de?ned in claim 14 
wherein said predetermined forward speed drive ratio 
is ill. , .7 . r l . 

21. A vehicle transmission comprising, in combina 
tion: . I - I .1 t 

a pair of input shafts comprising an inner shaft and an 
- outer shaft; . _, ‘ 

hydrostatic transmission means having a driven_mem 
ber adapted forconnected :to‘a source of rotary 
power and a driven member connected to said 
outer shaft for imparting. in?nitely variable ratio 
drive to said outer shaft in relatively opposite direc- ‘ 
tions, said inner shaft being adapted for connection 
with the source of rotary power for rotation at ?xed 

‘ ratio with. respect thereto; 7 
an output shaft axially aligned with said input‘shafts; 
four element planetary gear means connected to said 

inner and outer shafts and to said output shaft for 
imparting a two stage drive to‘ said output shaft, the 
four elements of said, planetary gear means being 
detailed in design to rotate in the same direction 
and at least substantially at the same speed when 
operating at said predetermined, vforward speed 

~ drive. ratio; and 
clutch means connecting said inner shaft to one ele 
ment of said planetary gear means, brake means for 
selectively braking another element of ‘said plane 
tary gear means, and control means interconnect 

' . ing said hydrostatic transmission means with said 
clutch‘ means ‘and said brake means- for effecting 
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' said two stage'drive while imparting an in?nitely '. 
'_.variable ratio drive ranging from’ a predetermined 
*re’verse‘speed ratio to a predetermined‘ forward 
speed ratio. ’ - > ' ‘ ' 

22; A vehicle- transmission 'as ‘de?ned in, claim 21 
wherein said predetermined forward speed drive ratio 
is“ 1/1' and v'sa'idfo'ur elements rotate in unison 'lwhenv 
operating at such ratio.“ 3. ' v 

‘ 23.‘ A powerit'rans‘mis'sion'l for use with power‘v input 
nie‘ansjfor imparting rotary drive‘ to the transmission, 
comprising in combin'a'tibn:~ . ' 

=‘_ an input quill'shaft and an inner'shaftcoaxial there 
"; ~'withinfin which: saidinner-shaft projects" beyond 

_'low speed planetary gear means and high speed plan- I 
said‘qu'ill shaft at ‘either 'end thereof; ' 

e‘tary gear ‘méan's‘te‘ach centered about said input 
"'shafts‘ and’ including‘ sun gear input means con 

‘ 'ne‘cted to said-quill shaft for; continuously- impart 
ing one input path to‘- both of said/planetary gear 
means; said low speed planetary gear ‘means also 
vinclii'ding'lthirdéele'rnent gear means and'planet gear 
'means~ 'for reacting between-said sun gear input 
means and the said third-element gear=means and 
‘said high speed‘ planetary "gear means also including 

‘ third-element ‘gear means'and pla'n'et gear'means 
forjreacting between said sun gear input means'arid 
'the third-element ‘gear-means of _said high speed 

" - planetary_; gear ‘rne'a’n's; ' - 

- an ‘output shaft'alignedw'ith but disposed beyond said 
' .o' a -' " I . l - 

input shafts;' " ' > ' 

'~‘one of the two gear means constituted ‘by said third 
' element gear means of's'aid'high speed planetary 
‘gear means and said‘planet gear means of said high 
speed gear means being ~connected to said output 
"shaft and t6 said ‘planet gea'r- me'ansof said low 
speed planetary"'gea'r means’wher'eby 'said output 

‘ 'shaft'is capable’b'f connection to' said sun’gear‘input 
means through either'of said low speed and said 
high‘ speed planetaryv gear means and’ a continuous 

' drive coupling ‘is'eifec'ted between-said low speed 
and said high speed planetary gear means; 

‘a hydrostatic drive unittcomp'rising "a driving member 
, mechanically connected to said power input means 
and a‘fotatable driven member connected to said 
input quill shaft and including means for in?nitely 

" 'varying'the’ rotation'al'speed of said driven-member 
:"betwe'en'?rst and s'e‘con'd'max'imum "speeds which 
‘are ‘of' opposite rotational sense with respect to, 
"each'other'and of maximum sense with respectt to 

' therota’tional speed of said driving member; ‘ 
"brakeine'ans"forlselectively braking said third-ele 

' “ ment “gear v"means of‘ said low'speed planetarygelar 
‘ means to prevent rotation thereof and-establish low 
speed-drive‘: arid ‘ i " ‘- i 'v - n Y 

l‘clut'ch'fmeans: for' selectivelytoupling said power 
input means to the other of said'twoigear‘ means of 

' ‘the high'i‘speed'plariet‘ary gear means'thro'ugh said 
inner input shaft to e'stablish'high speed drive; 

7 K and the gear ratios of said low speed-and said’v high 
‘ ‘speed planetary gear means being such that ‘as the 
speed of said'o‘u'tput shaft is increasing inilo'w‘speed 
range and said driven member of! the hydrostatic 
unit'attains s'aidj?rst'lm'aximum speed, said clutch 
meaiis'may be synchronously- engaged while said 

' brake means" is disengaged under substantially no 
load, and as the‘speed of said output shaft-is de 

' creasing in ‘high speed'zrange'an‘d said driven mem 
’ ber' attains said ?rst 'maximum speed, 's‘aid' clutch 
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16 
- means may be synchronously:disengaged while said 
'brake means isv engaged under substantially no 
load,’ including control means for engaging and 
disengaging said clutch means under synchronous 

- conditions while respectively disengaging and en 
gaging said brake means. . - 

24. A power transmission for use with power input 
means for imparting rotary drive‘ tov the transmission, 
comprising in combinationzl 
an input‘ quillshaft and an inner shaft coaxial there 

within in which said ‘inner-shaft projects beyond 
said quill shaft at either end thereof; 

' - low‘speed planetary gear means and high speed plan 
etary gearmeans each centered about said input 
shafts and including sun gear input means con 

' nected-to said quill shaft for continuously‘impart 
ing one input path to both of said planetary'means; 

‘ said low speed planetary gear ‘means also including 
third-element gear means and planet gear means 
for'reacting between said sun gear input means and 

'- the said third-element gear-means‘ and ‘said high 
speed planetary gear means also including third 
element gear'means and planet-gear means for 
reactingrbetween said sun gear input‘means and the 
third-element gear means of said high speed plane 

* ’ taryr. gear means; ' a i v I , i , 

' an output shaftaligned with but disposed beyond said 
- input shafts; _ ~ 

oneiof the two-gear ‘means constituted by said third 
> element gear means of said high speed planetary 

'- gear means and said planet'lgear means of said high 
» ‘speed planetary gear means being connected to 

' said output shaft and .to said planet gear means of 
' said‘ low speedplanetary gear means whereby said 
output shaft is capable ‘of connection to said sun 
gear input means through either-of said low speed 
and said high speed'planetary gear means and a 
continuousdrive coupling is effected between said 
‘low speed and said high speed. planetary, gear 
‘means; ‘ " - r' 

‘ mechanically connected to said power input means 
and a rotatable driven member ‘connected to said 

‘ input quill ,shaft and including means for in?nitely 
varying the rotational speed of said driven member 
between ?rst and second maximum speeds which 
are of opposite rotational sense with'respect to 
‘each other andlof maximumv sense with respect to 
the rotational speed of said driving member; 

brake means for selectively braking said third-ele 
ment gear means of said low speed'planet'ary gear 
means to prevent rotation‘ thereof andestablish low 
speed drive; and ~ : 

"clutch-‘means for selectively coupling ‘said power 
input means to the other of said two gear means of 
,the high speed planetary gear means through said 

'7 inner input shaft to establish high speed drive; 
and the gear ratios of said low speed and said high 

speed‘ planetary gear means being‘ such that as the 
speed of said output shaft is increasing in low speed 
range and said' driven member of. the ‘hydrostatic 

. unit attains said‘ ?rst maximum speed, said clutch 
means may be synchronously engaged while said 
brake means is‘ disengaged under substantially no 
load, and as-the speed of said output shaft is de 
creasing in high speed range and said driven mem 

' be'r attains said ?rst maximum ‘speed, said clutch 
,means'ma'y be synchronously disengaged while said 
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brake means is engaged under substantially no 
load, wherein said planet gear means of the high 
speed planetary gear means is connected to said 
output shaft ‘and to the planet gear means of said 
low speed planetary gear means and said third-ele 
ment gear means of said high speed planetary is 
selectively coupled to said inner shaft ‘by said 
clutch means, including control‘ means for engag 
ing and disengaging said clutch means under syn 
chronous conditions while respectively disengaging 
and engaging said brake means. 

25. A power transmission for use with power input 
means for imparting rotary drive to the transmission, 
comprising in combination: 
an input quill shaft and an inner shaft coaxial there 

within in which_said inner shaft projects beyond 
said quill shaft at either end thereof; ' 

'low speed planetary gear means and high speed plan 
etary gear means each centered about said input 
‘shafts and including sun gear input means con 
nected to said quill shaft for continuously impart 
ing one input path to both of said planetary gear 
means; said low speed planetary gear means also 

10 

20 

including third-element gear means and planet gear , 
means for reacting between said sun gear input 
means and the said third-element gear means and 
said high speed planetary gear means also including 
third-element gear means and planet gear means 
for reacting between said sun gear input means and 
the third-element gear means of said high speed 
planetary gear means; 

an output shaft aligned with but disposed beyond said 
input shafts; ‘ ' 

one of the two gear means constituted by said third 
element gear means of said high speed planetary 
gear means and said planet gear means of said high 
speed planetary gear means being connected to 
said output shaft and to said planet gear means of 
said low speed planetary gear means whereby said 
output shaft is capable of connection to said sun 
gear input means through either of said low speed 
and said high speed planetary gear means and a 
continuous drive coupling is effected between said 
low speed and said high speed planetary gear 
means; 

a hydrostatic drive unit comprising a driving member 
mechanically connected to said power input means 
and a rotatable driven member connected to said 
input quill shaft and including means for in?nitely 
varying the rotational speed of said driven member 
between ?rst and second maximum speeds which 
are of opposite rotational sense with respect to 
each other and of maximum sense with respect to 
the rotational speed of said driving member; 

brake means for selectively braking said third-ele 
ment gear means of said low speed'planetary gear 
means to prevent rotation thereof and establish low 
speed drive; and ‘ 

clutch means for selectively coupling said power 
input means to the other of said two gear means of 
the high speed planetary gear means through said 
inner input shaft to establish high speed drive; 

and the gear ratios of said low speed and said high 
speed planetary gear means being such that as the 
speed of said output shaft is increasing in low speed 
range and said driven member of the hydrostatic 
unit attains said ?rst maximum speed, said clutch 
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means may be synchronously engaged while said 7 
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brake means is disengaged‘ under‘substantially no 

' load, and as ‘the speed of said output shaft‘is de 
creasing in high speed range and'said driven mem 
ber attains‘said ?ist maximum speed, ‘said clutch 
‘means may be synchronously‘ disengaged while said 
brake means "is I ~engaged‘ uiide'i' substantially no 
load, wherein ‘said thi'rdéelemerit gear means of said 
high speed planetary gear means coniiect‘e‘d to 
said output shaft ‘and ‘to the planet gear means "of 
said low speed planetary gear means,‘ ‘and said 
planet gear means of said high speed planetary gear 

‘ means is selectively coupledjlto ‘said inner'lshaft, by 
said clutch means, including control ‘means; ‘for, 
engagingand disengaging said clutch, means under 
synchronous conditions while respectively ijdisen 

‘ gaging-and, engaging ,saidjbrakerineansf I '_ ; I‘ 

26. A synchronously shiftable, extended rangetrans 
mission comprising in combination; <. n 

> an input shaft adapted to bekdriven in fixed" speed 
ratio with respect to an associatedprime mover; 

a hydrostatic pump ?xed to said input='shaft1 and ‘in 
' 'cluding movable swash plate means ‘for-‘selectively 
varying the displacement of said 1pump,~said.~i'nput 
vshaft having an input section leading to said pump 
and a further section leadingvfrom said pump; 

a quill shaft surrounding said further section of the 
‘ input shaft and exposing an end portion thereof 
beyond said quill shaft'f '‘ 5- I l ' - a 

a‘ hydrostatic motoi-?xed to said qu‘ill shaft receiving 
?uid displaced by said'pump 'for‘rota'tin'g said quill 
shaft to a ?rst maximumrotational ‘speed in a direc 

‘ ' tion opposite ‘to the direction of rotationE of- said 

' input shaft and then to a’second‘ maximu'r‘ri‘rota 
tional speed in a ‘direction the same as the rotation 
‘ofsaid inputish'aft; ‘ ' " ' = 

a p‘air’of sun gears ?xed to said, quill ‘Shaft in axially 
spaced relation thereon so that one gear is 
closest to said motor the other is more‘ remote 
from'said motor; ’ ‘ I n { 

a low speed‘planetary ring gear coincentricfwiths'aid 
one sun gear and a highs‘peed planetary‘iringgear 
concentric with said other sun gear; "_ __ 

low speed. planet gear‘means reacting‘vbe‘tween' said 
one sun gear and saidxloyv speed planetary ring 

‘7 gear, said low speed planetary gear means'lcompris 
7 ing an inner planet gear in rneshwith said one sun 
gear and an outer planet gear _in mesh bothwith 
said inner planet gear and said low speedyplanletary 
ring gear, and a planet gearcarrier rotatably< sup 
porting inner and outer planet gears; , _ 

high speed planet gear means ‘reacting betlweev ,_ said 
other sun gearand said high speed planetary ring 
gear, said high speed planet gear means comprising 
a planet gear meshing with both said other sun gear 

' and said high speed planetary ring ‘gear, and ~.said 
, planet gear of the high speed planet gear means 
being ‘rotatably‘ carried by said planetgeargcarrier 
of the‘low speed planet gear- means whereby the 
low speed andi‘high speed planet gear means are 
directly connected through such planet gear car 
rier; "‘ ' 

clutch means selectively coupling said high‘speed 
planetary ring gear to said end portion of the input 
shaft exposed beyond said quill shaft; ‘ "l" _ 

brake means selectively braking said low‘ speed plan 
etary ring gear; I i ' i " ' " ‘ " 



3,969,957 
19 

an output shaft coaxial with said input and quill shafts 
but disposed in spaced relation to said end portion 
of the input shaft; , . 

said planet gear carrier enclosing the high speed 
planetary gear set formed by said-other sun gear, 
said high speed planetary ring gear vand said high 
speed planet gear means and being directly con 
nected to said output shaft; and > 

‘control means connected to said brake means and to 
said clutch means for actuating said clutch means 
while releasing said brake means, and vice versa, 
under synchronous conditions of the transmission. 

27. A synchronously shiftable, extended range trans 
mission comprising, in combination: 
an input shaft adapted to be driven in ?xed speed 

ratio with respect to an' associated prime mover; 
a hydrostatic pump ?xed to said ‘input shaft and in 

‘ cluding movable swash plate means for selectively 
varying the displacement of said pump, said input 
shaft having an input section leading to said pump 
and a further section leading from said pump; 

a quill shaft surrounding said further section of the 
input shaft and exposing an end portion thereof 
beyond said quill shaft; ' ‘ 

a hydrostatic motor ?xed to said quill shaft receiving 
?uid displaced by said pump for rotating said quill 
shaft to a ?rst maximum rotational speed in a direc 
tion opposite to the direction of rotation of said 
input shaft and then to a second maximum rota 
tional speed in a direction the same as the rotation 
of said input shaft; 

a low speed planetary gear set surrounding said quill 
shaft and including a low speed planetary ring gear 
and low speed planet gear means in mesh with said 
low speed planetary ring gear; 7 

a high speed planetary gear set surrounding said quill 
shaft to that side of said low speed planetary gear 
set opposite said pump and including a high speed 
planetary, ring and high speed planet gear means in 
mesh with said high speed planetary ring gear; 

an output shaft coaxial with said input and quill shafts 
but disposed in spaced relation to said end portion 
of the input shaft which is exposed beyond said 
quill shaft; _ 

a low speed planet gear carrier enclosing said high 
speed planetary gear set and connected directly to 
said output shaft, said low speed planet gear means 
being rotatably carried by said low speed planet 
gear carrier and one of said high speed planet gear 
means‘ and said high speed planetary ring gear 
:being carried by said low speed planet gear carrier; 

clutch means selectively coupling said end portion of 
the input shaft to that one of said high speed planet 
gear means and said high speed planetary ring gear 
which is not carried by said low speed planet gear 
carrier; -' I 

brake means selectively braking said low speed plan 
etary ring gear; 

sun gear'means connected to said quill shaft for rotat 
ing said planet gear carrier through at least one of 
said low speed and high speed planet gear means; 
and 

control means connected to said brake means and to 
said clutch means for actuating said clutch means 
while releasing said brake means, and vice versa, 
‘under synchronous conditions of the transmission. 

28. A synchronously shiftable, extended range trans 
mission comprising, in combination: 
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a quill shaft and an input shaft coaxial within said 

quill shaft with said input shaft having an end por 
tion projecting from said quill shaft; 

a high speed planetary gear set surrounding said quill 
shaft adjacent that end thereof from which said 
inner shaft projects; 

a low speed planetary gear set surrounding said quill 
shaft to that side of said high speed planetary gear 

_ set away from said end portion of the input shaft; 
said low speed planetary gear set including a low 
speed planetary ring gear and low speed planet 
gear means meshing therewith and including a 
planet gear carrier, and sun gear means for rotat 
ably driving said planet gear carrier; 

said high speed planetary gear set comprising a high 
speed planetary ring gear and high speed planet 
gear means meshing therewith, and said sun gear 
means meshing with said high speed planet gear 
means; 

an output shaft coaxial with said input and quill shafts 
but disposed in spaced relation to said end portion 
of the input shaft; 

said planet gear carrier enclosing said high speed 
planetary gear set and being connected directly to 
said output shaft, one of said high speed planetary 
ring gear and high speed planet gear means being 
carried by said planet gear carrier; 

clutch means for selectively coupling said end por 
, tion of the input shaft to that one of said high speed 
planetary ring gear and said high speed planet gear 
means which is not carried by said planet gear 
carrier; . 

brake means for selectively braking said low speed 
planetary ring gear; 

‘a hydrostatic pump connected to said input shaft 
remote from said end portion thereof and adapted 
to be driven in ?xed ratio from a prime mover and 
including swash plate means for selectively varying 
the quantity of ?uid displaced by said pump; 

a hydrostatic motor ?xed to said quill shaft remote 
from said end portion of the input shaft and con 
nected to said pump for in?nitely variable driven 
ratio with respect thereto; and 

control means connected to said brake means and to 
said clutch means for actuating said clutch means 
while releasing said brake means, and vice versa, 
under synchronous conditions of the transmission. 

29. A synchronously shiftable, extended range trans 
mission as de?ned in claim 27 wherein said sun gear 
input means comprises a pair of sun gears ?xed to said 
quill shaft, said low speed planet gear means compris 
ing an inner planet gear meshing with one of said pair 
of sun gears and an outer planet gear meshing both with 
said inner planet gear and said low speed planetary ring 
gear,vand said high speed planet gear means comprising 
a planet gear meshing both with the other of said pair of 
sun gears and said high speed planetary ring gear, said 
high speed planet gear means being carried by said 
planet gear carrier. 
30. A synchronously shiftable, extended range trans 

mission as de?ned in claim 27 wherein said high speed 
planet gear means comprises a ?rst planet gear meshing 
with said high speed planetary ring gear and a second 
planet gear meshing with said ?rst planet gear, said sun 
gear means comprising a single sun gearmeshing with 
said ?rst planet gear and said low speed planet gear 
means comprising a planet gear meshing with said low 
speed planetary ring gear and rotating in unison with 
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said second planet gear of the high speed planet gear 
means. 

31. A synchronously shiftable, extended range trans 
mission as de?ned in claim 27 wherein each of said low 
speed and said high speed planet gear means comprises 
an inner planet gear and an outer planet gear in mesh 
therewith, said sun gear means comprises a pair of sun 
gears meshing with the inner planet gears of said low 
speed and high speed planet gear means, and said 
clutch means selectiyely couples said end portion of the‘ 
input shaft to the inner planet gear of said high speed 
planet gear means. ' 
32. A synchronously shiftable, extended range trans 

mission as de?ned in claim 28 wherein said sun gear 
input means comprises a pair of sun gears ?xed to said 
quill shaft, said low speed planet gear means compris 
ing an inner planet gear meshing with one of said pair 
of sun gears and an outer planet gear meshing both with 
said inner planet gear and said low speed planetary ring 
gear, and said high speed planet gear means comprising 
a planet gear meshing both with the other of said pair of 
sun gears and said high speed planetary ring gear, said 
high speed planet gear means being carried by said 
planet gear carrier. 
33. A synchronously shiftable, extended rangetrans 

mission as de?ned in claim 28 wherein said sun gear 
means comprises a ?rst sun gear meshing with said low 
speed planet gear means and a second sun gear mesh 
ing with said high speed planet gear means, said low 
speed planet gear means comprising a planet gear 
meshing both with said ?rst sun gear and said low speed 
planetary ring gear, said high speed planet gear means 
comprising a planet gear meshing both with said second 
sun gear and said high speed planetary ring gear, and 
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said planet gear carrier carrying said high speed plane 
tary ring gear. ' . I 

34. A synchronously shiftable, extended range trans 
mission as de?ned in claim 27 wherein said sun gear 
means comprises a ?rst sun gear meshing with said low 
speed planet gear means and a second sun gear mesh 
ing with said' high speed planet gear means, said low 
speed planet gear means comprising a planet gear 
meshing both with said ?rst sun gear and said low speed 
planetary ring gear, said high speed planet gear means 
comprising a planet gear meshing bothwith said second 
sun gear and said high speed planetary ring gear, and 
said planet gear carrier carrying said high speed plane- ‘ 
tary ring gear. . 
35. A synchronously shiftable, extended range trans 

mission as de?ned in claim 28 wherein said high speed 
planet gear means comprises a ?rst planet gear meshing 
with said high speed planetary ring gear anda second 
planet gear meshing with said ?rst planet gear, said sun 
gear means comprising a single sun gear meshing with 
said ?rst planet gear and said low speed planet gear 
means comprising a planet gear meshing with said low 
speed planetary ring gear and rotating in unison with 
said second planet gear of the high speed planet gear 
means.’ 
36. A synchronously shiftable, extended range trans 

mission as de?ned in claim 28 wherein each of said low 
speed and said high speed planet gear means comprises 
an inner planet gear and an outer planet gear in mesh 
therewith, said sun gear means comprises a pair of sun 
gears meshing with the inner‘ planet gears of said low 
speed and high speed planet gear means, and said 
clutch means selectively couples said end portion of the 
input shaft to the inner planet gear of said high speed 
planet gear means. 

- * * * * ‘I 
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